Background Remnant gastric cancer is increasing with the earlier detection of gastric cancer and improved medical care. Laparoscopic gastrectomy for remnant gastric cancer has been reported sporadically in association with the increased use of minimally invasive techniques. However, because of the rarity of remnant gastric cancer, the number of cases reported per study has been small. We therefore reviewed all published English-language reports, including our experience, to better characterize the technical aspects of currently used procedures. Methods Ten patients who underwent laparoscopic gastrectomy for remnant cancer between August 2005 and March 2014 were retrospectively studied. A comprehensive literature search was performed using the PubMed database to identify English-language studies on laparoscopic gastrectomy for remnant gastric cancer that were published before May 2014. Results There was no conversion to open surgery. The mean operating time was 325 min, and mean intraoperative blood loss was 55 g. The mean number of retrieved lymph nodes was 22, and mean postoperative hospital stay was 13 days. There was only one minor wound infection (overall morbidity rate, 10 %). From the literature review, all comparative studies revealed that laparoscopic gastrectomy for remnant gastric cancer required a longer operating time, and most studies reported less intraoperative blood loss, an equivalent number of harvested lymph nodes, and a shorter postoperative stay as compared with open surgery. Conclusion Proficiency in advanced laparoscopic surgical techniques, such as proper adhesiolysis and stable laparoscopic anastomosis, will allow laparoscopic gastrectomy for remnant gastric cancer to be performed with satisfactory short-term results. This minimally invasive approach can be one treatment option for remnant gastric cancer.
Introduction
Gastric cancer is one of the most common malignancies in the world, especially in East Asia [1] . Earlier detection of gastric cancer and improved medical care have led to an increased prevalence of remnant gastric cancer after gastrectomy for previous gastric malignancies [2] . Remnant gastric cancer was initially defined as gastric cancer arising after gastrectomy for gastric carcinoma, and cancer in the residual stomach after gastrectomy for benign disease was sometimes referred to as ''gastric stump cancer.'' Recently, however, remnant gastric cancer has been widely used to refer to all cancers arising in the residual stomach after gastrectomy for either benign or malignant disease [3] .
Despite recent progress in chemotherapy and radiotherapy, gastrectomy combined with adequate lymph node dissection remains the mainstay of treatment for resectable gastric cancer [4, 5] as well as resectable remnant gastric cancer. Laparoscopy-assisted surgery for remnant gastric cancer was first reported by Yamada et al. [6] in 2005. Since then, laparoscopic gastrectomy for remnant gastric cancer has been reported sporadically in association with the increased use of minimally invasive techniques for stomach surgery. Recently, moderate-size case series (up to 18 patients) have been published from some high-volume centers [7] [8] [9] [10] . However, because remnant gastric cancer is rare, the number of cases reported per study has been small. We therefore reviewed all published English-language reports on laparoscopic gastrectomy for remnant gastric cancer, including our experience, to better characterize the technical aspects of currently used procedures.
Patients and methods
Between August 2005 and March 2014, a total of 702 patients underwent gastrectomy for histologically proven adenocarcinoma of the stomach in Kyoto University Hospital. Among them, 547 patients had laparoscopic gastrectomy whereas 155 patients underwent an open procedure. From this cohort, 10 patients who had a history of previous gastric surgery and underwent laparoscopic gastrectomy for remnant gastric cancer were reviewed, and perioperative short-term results were investigated.
Completely laparoscopic gastrectomy was introduced to Kyoto University Hospital in 2005 for T2N0 or earlier disease, and since then the indication of laparoscopic gastrectomy has been gradually extended. Since 2009, when we initiated a prospective study of laparoscopic gastrectomy for T3/4 or node-positive patients (UMIN000002085), patients with more advanced disease also underwent laparoscopic surgery when an informed consent was obtained. The indication of laparoscopic approach toward remnant gastric cancer was the same as that toward primary gastric cancer. Clinical stage was classified according to the TNM classification [11] . Postoperative complications occurring within 30 days after operation were classified according to the Clavien-Dindo classification system [12] .
Operative technique
The patient was placed in a modified lithotomy position in a reverse Trendelenburg fashion. The first port was inserted transumbilically by the open method. If there was not enough space for insertion of the second port, the transumbilical incision was elongated to permit specimen extraction, and adhesiolysis was performed under direct vision, as described elsewhere [13] . Once a camera port and one or two working ports were inserted, adhesiolysis could be performed laparoscopically. After a carbon dioxide pneumoperitoneum was created at 8 mmHg, four operating ports and a Nathanson liver retractor (Cook Japan, Tokyo, Japan) were placed [13] . Lymph node dissection around the celiac axis, proximal splenic artery, and paracardial nodes was routinely performed, and the left gastric artery was ligated at its base if it had been left undivided [14, 15] . After the stomach was taken out, intracorporeal reconstruction was performed with the Roux-en-Y method, similar to laparoscopic total gastrectomy [16] [17] [18] .
Literature search
A literature search was performed using the PubMed database to identify English-language reports describing clinical research on laparoscopic gastrectomy for remnant gastric cancer that were published before May 2014. The search used the following terms: gastrectomy AND laparoscopy* AND (''remnant gastric cancer'' OR ''gastric remnant cancer'' OR ''gastric stump cancer''). The references of all relevant articles were evaluated to find other related studies.
Results
The background characteristics of the ten patients who underwent laparoscopic gastrectomy are shown in Table 1 . Most previous gastrectomies were distal gastrectomy with Billroth II reconstruction, and the mean interval from previous gastrectomy was 9 years. In our series, six of the ten patients had previously undergone gastrectomy for gastric cancer, and all previous gastrectomies were open procedures.
Short-term results are summarized in Table 2 . There was no conversion to open surgery. The mean operating time was 325 min, and the mean intraoperative blood loss was 55 g. The mean number of retrieved lymph nodes was 22, and the mean postoperative hospital stay was 13 days. There was only one minor wound infection (ClavienDindo grade 1) in this cohort, which accounted for an overall morbidity rate of 10 %. There was no major morbidity or postoperative mortality.
The literature search yielded ten English-language publications on laparoscopic gastrectomy for remnant gastric cancer (Table 3) [6] [7] [8] [9] [10] [19] [20] [21] [22] [23] . A summary of open surgery for remnant gastric cancer during this study period is also presented.
One institution reported a case series of their initial two cases and later published a comparative study to open procedure. Therefore, the former study was excluded from the analysis to avoid overlapping. A total of 100 cases were reported, including our series. In the ten studies, the mean operating time was 197-488 min, mean blood loss minimal-425 g, mean number of retrieved nodes 8-24, and mean postoperative hospital stay 6-13 days. A total of 18 patients (18 %) had postoperative complications. Eight studies (67 of 100 patients) reported that no conversion to open surgery had been required, whereas one study reported a 47 % conversion rate to open surgery [10] .
Five of the ten reports including the current study compared the perioperative results of laparoscopic gastrectomy for remnant gastric cancer with those of open gastrectomy. The operation time was 40-90 min longer for laparoscopic gastrectomy. However, laparoscopic gastrectomy was associated with lower intraoperative blood loss in three of four studies, an equivalent number of harvested lymph nodes, fewer postoperative complications, and a shorter postoperative hospital stay in four of five studies.
Discussion
Laparoscopic gastrectomy has become one of the standard treatments for early gastric cancer. Although the oncological feasibility remains to be fully established, laparoscopy provides a magnified view of minute structures such as tiny vessels and nerves [24] , which allows lymphadenectomy to be more precisely performed, potentially leading to less intraoperative blood loss and fewer postoperative complications. As more evidence emerges, laparoscopic surgery for advanced cancer or remnant gastric cancer is expected to become more widely accepted in the next decade.
To perform laparoscopic gastrectomy for remnant gastric cancer safely, we believe there are two key precautions. First, adhesiolysis is essential to obtaining an adequate operative field, similar to other laparoscopic procedures in patients with a history of laparotomy. Indeed, laparoscopic surgery had been contraindicated in patients who had previously undergone laparotomy in the early era of laparoscopic surgery [25] . However, previous upper abdominal surgery is no longer considered a contraindication for laparoscopic gastrectomy [13, 26] . Second, the identification of anatomical landmarks is very important. In most patients, the suture line of the lesser curvature of the remnant stomach densely adheres to the lateral segment of the liver, obscuring the right crus. Normally, careful sharp dissection between the liver and remnant stomach leads to the underlying intact caudate lobe of the liver, which will guide us to the right crus, a good landmark for esophageal dissection. However, in patients who have undergone Billroth I reconstruction after previous gastrectomy, adhesions around the gastroduodenal anastomoses are sometimes very thick, requiring extreme care and precision [7] . Once the right crus is identified, we proceed to mobilization of the gastric fundus by a medial approach [15] . Even after distal gastrectomy with standard D2 lymphadenectomy, the posterior regions of the cardia and fundus are normally preserved untouched. Thus, once the membranous border of perigastric fat tissue and retroperitoneal fat is identified at the right side of the esophagus, it is very easy and safe to mobilize the fundus, thereby allowing the esophagus to be safely divided.
The last component is reconstruction, that is, safe esophagojejunostomy. There are many reports describing various procedures for laparoscopic or laparoscopy-assisted esophagojejunostomy using linear staplers and circular staplers. However, the leakage rate varies among studies irrespective of the type of stapling device used, and technical proficiency may be as important as the anastomotic method itself [17] . In our hospital, functional end-to-end anastomosis performed using linear staplers [18, 27] is the method of choice, unless tumor invades the esophagus. If a long proximal margin is necessitated by esophageal invasion or proximal spread of tumor, we perform an intracorporeal isoperistaltic anastomosis using laparoscopic linear staplers with hand-sewn entry-hole closure (overlap method [28] ).
Remnant gastric cancer is a relatively rare disease even in Japan, where the incidence of gastric cancer is the highest in the world [1] . Consequently, previous reports on laparoscopic treatment of such a rare disease did not include large numbers of patients. However, from a comprehensive review of the literature, we were able to compile data on as many as 100 laparoscopic gastrectomies for remnant gastric cancer. One must be aware of the inevitable selection bias in such a retrospective case series. The indications for laparoscopic gastrectomy might have differed among hospitals, and more advanced cases most [29, 30] and laparoscopic total gastrectomy [31] . In terms of the postoperative complication rate, four studies of five reported a 6.5-20 % risk reduction in laparoscopic approach compared to the open approach. Only one study showed an unfavorable result of laparoscopic approach in terms of blood loss, number of lymph nodes retrieved, and postoperative mortality rate, even though it did not reach statistically significant difference. However, their open conversion rate was as high as 47 %, which might have resulted in the highest postoperative complication rate (35.2 %).
As for oncological outcomes, long-term results were reported by only two studies [8, 9] . Although the 5-year survival rates were similar in the laparoscopic group and open-surgery group, the relatively short median follow-up period (25.2-39.1 months) made it difficult to generalize the findings. The number of harvested lymph nodes is sometimes used as an indicator of quality of oncological surgery. At least similar numbers of lymph nodes, if not more, were harvested via a laparoscopic approach Our study had several limitations. First, because of its retrospective nature, there was potential selection bias. However, all our open gastrectomies for remnant gastric cancer in this series were performed in 2007, and all laparoscopic gastrectomies were performed after 2008. Therefore, we believe that the case selection bias is minimal. Second, the size of each study was small because of the rarity of remnant gastric cancer. However, we have attempted to minimize this drawback by comprehensively reviewing all published English-language reports on laparoscopic gastrectomy for remnant gastric cancer.
In conclusion, our results suggest that proficiency in advanced laparoscopic surgical techniques, such as proper adhesiolysis and stable laparoscopic anastomosis, will allow laparoscopic gastrectomy for remnant gastric cancer to be performed with satisfactory short-term results. This minimally invasive approach can be one treatment option for remnant gastric cancer.
